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INTRODUCTION. 
In previous  communications  from  this  laboratory  1-" certain imme- 
diate aspects of the problem of cholelithiasis have been taken up.  In 
the present paper a  more remote though  not less important one will 
be  considered,  namely  that  of whether  the  output  of  cholesterol in 
bile can be influenced by diet.  The matter is of importance not only 
theoretically but in connection with a  possible prophylaxis for stones. 
The published data bearing upon it are indecisive for many reasons. 
Often inadequate methods of bile collection  have rendered void the results of 
careful chemical analyses while in the few instances in which  all of the secretion 
has been obtained,  the  conditions have been such  as  to favor gall bladder in- 
flammation, and cholangitis--conditions both which may lead to a local elaboration 
of cholesteroP into  the bile.  Analyses of the  contents of the gall bladder and 
ducts  at autopsy which  some authors  have relied upon  cannot  be expected to 
give trustworthy indications as concerns secretion during life.  In experimental 
work on animals, the fistula of Schwann has been universally employed with the 
result that there are as yet on record no data concerning the cholesterol content 
of hepatic bile uninfluenced  by the gall bladder--an organ which has been shown 
to modify the secretion markedly3 
Rous and I  have recently developed  ° a  method for the collection of 
the total bile of animals from day to day under sterile conditions and 
1 Rous, P., McMaster, P. D., and Drury, D. R., J. Exp. Med.,  1924, xxxix, 77. 
Rous, P., Drury, D. R., and McMaster, P. D., J. Exp. Med., 1924, xxxix, 97. 
Drury, D. R., McMaster, P. D., and Rous, P., J. Exp. Med., 1924, xxxix, 403. 
*Naunyn,  B.,  Klinik  der  Cholelithiasis,  Leipsic,  1892. 
Rous, P., and McMaster, P. D., J. Exp. Med.,  1921, xxxiv, 47. 
eRous, P.,  and McMaster, P. D., J. Exp. Med.,  1923, xxxvii,  11. 
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over long periods  of  time.  The  secretion  is  not  exposed  to  the  gall 
bladder.  The  method  has  afforded  opportunity  for  precise  studies 
of  the  individual  bile  constituents.7 -~1  The  animals  yielding  the 
secretion  remain  in  excellent  condition.  It  is  possible  to  determine 
accurately  the  total  cholesterol  output  over  a  period  of  weeks  or 
months. 
Previous Literature. 
Numerous authors have reported a rise in the cholesterol of blood after feeding 
the substance or giving diets rich in it. 12-1s  Experimental obstruction of the bile 
duct  of dogs results in  hypercholesterolernia  16 and  the  condition  has been met 
with in clinical cases of biliary obstruction. 17-19  Gardner and Fox  2° have shown 
a  greater excretion of it than intake and suggest synthesis within the body; and 
Stepp, 21 among others, holds that a lipoid-free diet gives lessened biliary output 
of cholesterol.  Chauffard  22 and Bacrneister  and Havers  ~3 insist  that  there is  a 
relationship between hypercholesterolemia and gall stone formation. 
7 McMaster,  P. D., Broun,  G. O.,  and Rous,  P., J. Exp. Med., 1923, xxxvii, 
395. 
s Rous, P., Broun, G. O., and McMaster, P. D., J. l~xp. Med., 1923,xxxvii,421. 
9 McMaster, P. D., Broun, G. O., and Rous, P., J. Exp. Med., 1923, xxxvii, 685. 
10 Broun,  G. O., McMaster, P. D., and  Rous, P., J. Exp. Med., 1923,  xxxvii, 
699. 
11 Broun, G. O., McMaster, P. D., and Rous, P., J. Exp. Med., 1923, xxxvii, 733. 
12 Grigaut, A.,  and l'Huillier, A.,  Compt. rend. Soc. biol., 1912,  lxxii, 304. 
13 Lernoine,  G.,  and  G~rard,  E.,  Bull.  et  m~m. Soc. m~d. H~p.  Paris,  1912, 
xxxiii, series 3,931. 
14 Widal, F., Weill, A., and Laudat, Semaine m~d., 1912,  xxxii, 529. 
t5 Henes, E., Deutsch. Arch.  kiln. Med.,  1913,  cxi,  122. 
t6 Chauffard, A., Laroche,  G., and  Grigaut, A.,  Compt. rend. Soc. biol.,  1913, 
lxxiv, 1093. 
t~ Chauffard, A., Laroche,  G.,  and  Grigaut, A.,  Compt. rend. Soc. biol.,  1911, 
lxx, 20; Ann. n~gd., 1920,  viii, 149. 
is Schrnidt, H. B., Arch. Int. Med., 1914, xiii, 121. 
i0 Rothschild,  M. A., and Rosenthal, N., Am. J. Med. Sc.,  1916,  clii, 394. 
2o Gardner, J. A., and Fox, F. W., Proe. Roy. Soc. London, Series B, 1921, xcii, 
358. 
~1 Stepp, W., Z. Biol., 1919, lxix, 514. 
22 Chauffard,  A. M. E., Leqons sur la lithiase biliare,  Paris,  1914. 
~3 Bacrneister, A., and Havers, Deutseh. reed. Woch., 1914,  xl, 385. PHILIP  D.  McMASTER  27 
The works of  Goodman,  24 RShmann, 23 Aschoff, ~6  and  of Bacmeister  ~7  since 
1907-08  have convinced them  that  the  cholesterol of bile varies greatly with 
dietary changes and that, as found in the bile, it is a product of the general me- 
tabolism, not  elaborated by the  mucosa of  the biliary passages as Naunyn,  4,~8 
Doyon and Dufourt,  e9 and Kausch  3° believe.  On the other hand, authors are not 
wanting who question these views on the basis of their own fmdings--Lichtwitz,  31 
D'Amato~--and claim that  the  evidence sustaining it is faulty.  Some of the 
reasons for doubting such evidence have already been given in the introduction 
to this paper.  Stadelmann  33 has suggested an origin of the bile cholesterol  from 
degenerating liver cells  and  duct  epithelium;  and  Doyon and Dufourt  29  have 
demonstrated  that  the  cholesterol content  in  human  gall bladder bile  can be 
much reduced by filtering out  the  cellular  elements;  and  Naunyn,  as already 
mentioned, has long championed the view that the substance is principally derived 
from the lining of the bile passages. 
These various views and findings will suffice to illustrate the disputations and 
contradictions which abound in the literature. 
Selection of the Method of Ouantitation. 
All  the  methods  for  quantitative  determination  of  cholesterol  in 
the  bile leave  something  to  be  desired.  They  fall into  two  general 
groups, one involving an extraction of the substance and its precipita- 
tion  as  "digitonin  cholesteride,"  as originally proposed by Windaus, 
the other extraction and colorimetric determination as first suggested 
by  Grigaut  34  and  later  adapted  by  many  authors,  most  usefully 
by Autenrieth and Funk. 35 
24 Goodman, E. H., Beitr. chem. Physiol. u. Path., 1907, ix, 91. 
25 RShmann, F., Berl. klin. Woch.,  1912, xlix,  1993. 
26Aschoff,  L., Dermatologien Studien,  1910, xxi,  23. 
sT Bacmeister, A., MUnch. reed. Woch.,  1908, lv, 211, 283,339. 
2SNaunyn,  B.,  Mi~nch. reed. Woch.,  1898, xlv,  1293. 
29 Doyon and Dufourt, Arch. physiol, norm. et path.,  1896, xxvili,  series 5,587. 
3o Kausch, W.,  Ueber  den  Gehalt  der Leber und  der  Galle an Cholestearin 
unter pathologischen Verh~ltnissen,  Inaugural dissertation, Strasbourg, 1891. 
31 Lichtwitz, L., Ueber die Bildung  der Harn-und  Gallensteine,  Berlin,  1914. 
32 D'Amato, L., Biochem. Z., 1915, lxix, 217. 
33Stadelmann,  E.,  Der  Icterus  und  seine  verschiedenen  Formen.  Nebst 
Beitriigen zu Physiologie und Pathologie der Gallen secretion,  Stuttgart,  1891. 
34 Grigaut, A., Compt. rend. Soc. biol., 1911, lxxi,  513. 
3SAutenrieth,  W.,  and Funk, A., Mi2nch. reed. Woch.,  1913, lx,  243. 28  STUDIES ON  TOTAL BILE.  VI 
As a  purely chemical procedure,  the method of Windaus  is superior,  but  for 
practical  purposes,  when large  numbers  of determinations  are  to be  made,  the 
time consumed in precipitation  and gravimetric  procedures has to be considered, 
not  to speak  of that required  for recovery  of the substance.  Other and more 
serious difficulties also present  themselves.  Pure digitonin is at present  difficult 
to obtain and is,  moreover,  exceedingly costly.  Again when working  with  dog 
bile,  the  precipitate  of "digitonin  cholesteride"  is  at  times  so  small  that  the 
gravimetric  error  may  be  considerable.  The  disapproval  by  chemists  of the 
Autenrieth-Funk method is centered about the color reaction, upon which quanti- 
ration  is based.  The green color employed in the readings changes rapidly,  that 
is to say in the course of a few minutes,  to yellow.  Many authors take note of 
this  difficulty.  However,  the figures of Klinkert, 3~ Mueller, 37 and others show 
clearly that the method compares favorably with that of Windaus when carefully 
followed and is sufficiently dependable  to yield useful results.  Mueller 37 reports 
a comparison of the two methods and shows that if properly performed the colori- 
metric  quantitation  is  as  reliable  as  that  by precipitation.  Bloor  and  Knud- 
son  3s state,  concerning colorimetric methods:  "The procedure in these methods is 
relatively  simple, the  time  required  short,  and  the  color a  satisfactory  one  to 
measure.  They give, moreover, higher values  than the gravimetric  method." 
In view of the objections to the digitonin method mentioned above, 
and owing to the large number of determinations  to be made, it was 
deemed advisable to choose the colorimetric one--the more so since for 
the purpose of the work separate determinations of free and combined 
cholesterol  were not desired. 
Modifications. 
With these considerations in mind, attempts were made to improve 
the  quality of the green in  the Autenrieth-Funk color reaction--the 
chief source of error in the method.  The further change was adopted 
of substituting for the cholesterol standard  solution an inorganic one 
with  a  slight element  of yellow in  the  green, which more nearly ap- 
proached the color obtained with bile samples,  for a  true color match 
greatly facilitates the colorimetric readings. 
The yellowish tint appearing  in the color reaction has been ascribed by some  38 
to the action of the KOH used in extracting,  but we have found it present  after 
~ Klinkert,  D., Berl. klin. Woch., 1913, 1, 820. 
37 Mueller, J. H., J. Biol. Chem., 1916, xxv, 549. 
3s Bloor, W. R., and Knudson,  A., J. Biol. Chem., 1916, xxvii, 107. PHILIP  D. MchlASTER  29 
the use of a hot alcohol and ether mixture as advocated by Bloor  39 and also on 
simple extraction with ether in a  Soxhlet apparatus.  Mueller  3~ noticed it even 
in a  reading made with pure cholesterol.  The discoloration sometimes appears 
as the color change takes place in extracts previously colorless.  The inclination 
is now to consider it due to a changed cholesterol or a cholesterol-like substance, 
perhaps  an  hydroxycholesterol  4°  originally present in  the bile.  Evidence for 
this belief may be found in the fact  that  the bile of  certain dogs  used in  the 
present work always gave a  strongly yellowish color, that of others never.  The 
bile of  the worst offender was infected,  that  of  the  others  ordinarily sterile. 
Mueller  37 gives a striking demonstration that some other substance or substances 
may add to  the  green  in colorimetric determinations, and that they are closely 
related to cholesterol, perhaps hydroxycholesterol. 
For the colorimetric test,  as generally described in the literature, an aliquot 
portion of the ethereal extract is evaporated and taken up in chloroform.  To 
this 2 cc. of acetic anhydride  and 0.1 cc. of concentrated  sulfuric  acid are added and 
the mixture is made up to a  fixed  volume and read at room temperature some 
minutes afterwards.  Care  must be  taken to  ~se always the same quantity of 
acetic anhydride and acid. 
A far richer green can be produced for comparison by using the entire extract 
from 2.5 or 5 cc. of dog bile rather than an aliquot portion of it.  The stronger 
green is more easily read in the  colorimeter.  If, now, the reaction is brought 
about very rapidly, this pure green develops prior to the yellow discoloration and 
a much clearer reading is obtained.  For the purpose I have used hot chloroform 
and hot acetic anhydride; and the mixing flask has been kept warm, so that the 
reaction takes place at 50  ° to 55°C.  The rich green color appears almost at once 
and  prior  to  the  yellowish discoloration.  Readings can  be  made  before  this 
develops and they  can be repeated  at  frequent intervals during the  next few 
minutes.  The  readings nearest the moment when the  color best matches  the 
standard solution are taken and averaged.  In this way, far better color matchings 
are obtained, while repeated readings of a single bile are found to check closely. 
All the bile specimens were compared with the inorganic standard to be de- 
scribed below.  In this way any errors referable to color differences were rendered 
constant throughout the whole study. 
The value of  the inorganic standard solution was determined by repeatedly 
reading it against known cholesterol solutions in chloroform.  The fact should 
again  be  emphasized  that  in  carrying out  determinations, exactly  the  same 
procedures were followed in every case as regards the time and the quantities of 
reagents used. 
39 Bloor, W. R., J. Biol. Chem.,  1916, xxiv, 227. 
4o Lifschtitz, J., M~nch. reed. Woch.,  1913, lx, 1549, 2346. 30  STImI~S  ON TOTAL BILE.  VI 
Method. 
All estimations are made in duplicate and at times quadruplicate. 
5 cc. of bile are mixed with 45 cc. of 20 per cent KOH, placed in a glass stopper 
bottle in the boiling water bath for 2 hours, cooled, and about  175  cc. of ether 
added to the bottle.  This is shaken mechanically for ½ hour,  the ether poured 
off  and  filtered,  another  175  cc.  added,  and  extraction  repeated.  The  large 
amounts of ether and the prolonged shaking render further extraction unnecessary. 
The ether may be shaken with water to wash it and with 1 per cent sulfuric acid 
to remove any KOH present, though this was not always done.  It is then filtered 
and the combined extracts evaporated to dryness.  The dry residue is repeatedly 
extracted with reagent chloroform, the combined extracts evaporated to a  value 
of less than 7 cc. and transferred to a 10 cc. volumetric flask and warmed to 55°C. 
Color Reaction and Reading.--To  the  warm  volumetric flask  containing  the 
extract 2  cc.  of warmed  acetic anhydride and  0.1  cc.  concentrated H~SO4 are 
added and  the volume made up  to  10  cc.  with hot  chloroform.  The  whole is 
transferred at once to a Duboscq colorimeter cup and the readings begun as soon 
as possible.  They  are made  every few  seconds while the green  color reaction 
develops, which happens very rapidly.  After a  few minutes,  the hue becomes 
yellowish and  no  longer  compares  well with  the  standard  solution.  The  ten 
readings taken when the color most closely resembles that of the standard solution 
are averaged and used for the quantitation. 
Inorganic Standard Solution.--A  stock solution of approximately 10 per cent 
copper sulfate in water (I used 100.005  gm. of copper sulfate crystals made up in 
water to a volume of 1,000  cc.) and acidified with 1 cc. concentrated H2SO4, and 
another stock solution of 1 per cent potassium bichromate are kept in readiness. 
For the readings of each day, 0.50 cc. of the bichromate solution is added to 10 
cc. of the copper sulfate solution.  The resulting color is a slightly yellowish green 
which  matches  that  most  generally given by  the cholesterol.  The  solution as 
employed for the present work had  the  color strength of cholesterol in  a  con- 
centration of 0.143 mg. per cc.  This was ascertained by reading it against known 
cholesterol  (Kahlbaurn)  solutions in  chloroform. 
These deviations from the ordinary colorimetric method  of estimat- 
ing  cholesterol  have  been  described  at  some  length  because  they 
greatly increase its accuracy. 
The  intubated  dogs  employed  for  the  work  were  for  the  first  few 
days fed on  a  mixture  of bread and milk, given as a  routine.  After 
the  first  10  days  of intubation  they received in addition 450  gin.  of 
lean meat mixed with this,  and  the  quantity  of food  taken  each  day 
was  recorded.  On  such  a  diet  they  remained  in  excellent  condition 
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aseptic  conditions  at  intervals  of  24  hours  for periods of weeks. 
Cultureswere regularly made from it on agar and in bouillon; and from 
time to time portions were centrifuged and the sediment stained and 
examined for  bacteria.  The  secretion  proved  sterile  save  in  one 
instance, of Dog 18, Text-fig. 3, in which it became infected with a 
saprophyte at the 15th day of collection. 
Cholesterol  Output in the Postoperative Period. 
The output of bile pigment, .once the dog has recovered from the 
initial  operation,  is  extremely constant under normal  conditions%7 
being  uninfluenced by dietary changes.  The cholesterol output, by 
contrast,  tends  to  vary greatly and  only approximates uniformity 
when the dietetic conditions remain the same from day to day.  The 
bile secreted in the first 24 to 48 hours after operation is scanty and 
more highly pigmented than in the days next succeeding, when the 
fluid quantity gradually increases and that of the bile pigment drops 
off to reach a level after some 6 or 7 days.  Even when great care has 
been taken to prevent extravasation of blood into the tissues  at the 
operation, the pigment yield in the bile is higher for a day or so there- 
after than at later periods.  In the case of the animals of the present 
work, the bilirubin curves, following the postoperative 24 to 48 hours, 
underwent the usual slow drop to below the initial yield. 
The changes in  the cholesterol output were very different.  The 
output of the 1st day after operation was small as compared with that 
of the 2nd or 3rd day.  Similar changes have been noted too by Fas- 
iani  41  in  bile samples  collected from  time to time during each day. 
They may conceivably be the result, like the initial pigment changes, 
of some breaking down of blood.  Later the cholesterol falls again 
but, unlike the bilirubin, the amount put out remains greater than on 
the  1st day.  As an example of this Dog 16  put  out  0.582 rag.  of 
cholesterol per hour on the 1st day after operation.  This rose to 2.05 
mg. on the 3rd day, and between the 6th and 10th days had fallen to 
1.27 rag.  per hour.  The specimens from seven other dogs  showed 
alterations roughly similar to these. 
41Fasiani, G. M., Arch. ital. biol., 1915, lxii, 136. 32  STUDIES  ON  TOTAL  BILE.  VI 
The Relation  between Bile Quantity  and Cholesterol Output. 
Throughout  the  later  collecting  period,  abrupt  day-to-day varia- 
tions in the output of cholesterol were frequent as will be evident from 
inspection of Text-figs. 1 and 7.  The influence of food differences upon 
the yield was found to be a direct and important one.  The character 
of the diets has been indicated on all the charts and the amount of food 
eaten each day recorded.  As "ordinary" diet, the animals were given 
bread  and  milk,  and  as  "mixed"  diet,  450 grn.  of  lean,  raw  meat, 
chopped fine and kneaded up with 1,050 gin. of bread wet with milk. 
Where special diets such as liver or cholesterol-rich foods were given 
special symbols have been used to indicate the fact. 
When the yield of cholesterol is compared with the amount of food 
eaten  (Text-figs.  1  to  7),  a  direct  relationship  between  the  two  is 
clearly to be seen.  This relationship,  however, is far from quantita- 
tive, but it supports the generalization that an animal eating well puts 
out more  cholesterol in  the  bile  than  one  eating  poorly or  fasting. 
Take  the  case of Dog  16,  Text-fig.  1.  The  animal was in  excellent 
health.  On the days when it had eaten large  amounts  of food, cho- 
lesterol was  secreted in  relatively  great quantity,  (Specimens  18  to 
25).  At the same time the bile volume per hour was also in accord- 
ance with the well known fact that an animal eating well tends to put 
out more bile.  An inspection of Text-fig. 1 clearly shows that the two 
are not  essentially related.  Often  the  cholesterol increase is  out of 
proportion to the quantity of bile put out and rarely, too, an increase 
occurs with a  decrease in bile volume.  While the charts show occa- 
sional instances in which an increased ingestion of food failed tobring 
about an increase in the bile but was followed by a rise in the choles- 
terol  output,  many  more  examples  are  to  be  found  in  which  it  is 
accompanied  by this  cholagogue  action.  Instances  of the  sort first 
mentioned  appear  in  Text-fig.  1,  Specimens  20  and  21,  Text-fig. 7, 
Specimens 6 and 7; and some of the second sort in Text-fig. 7, Speci- 
mens 8 and  10--following a  day of fasting--and  Specimens  14 to  17 
after 3 days of fasting. 
In connection with the effects of cholesterol-rich diets, some strik- 
ing illustrations were found  of the fact that the cholesterol yield is es- 
sentially independent of the bile ~-olume.  An instance of this appears PHILIP D.  McMASTER  33 
in Text-fig. 1, Specimens 57  to 59.  On the 57th day after prolonged 
feedings with bone mash, the bile volume was high.  On the 59th day, 
the first of fasting, the bile volume fell to less than half its figure, but 
the cholesterol output remained high with result in a great and almost 
reciprocal increase in its concentration.  Again in Text-fig. 2,  Speci- 
mens 24 and  25,  obtained during cholesterol-rich feedings, and Text- 
fig.  6,  Specimens  40  and  41,  during  a  fasting period,  drops  in  bile 
volume  are  seen  without  corresponding  changes  in  the  cholesterol 
secretion.  In the animal last mentioned a drop in both did appear on 
the 42nd and 43rd days.  Another variation is often observed, that of 
an increase in bile volume accompanied by a  decrease in cholesterol. 
This can be found on Text-fig. 1,  Specimens  34  and 35,  48 and 49, 
also in Text-fig. 4, Specimens 34 and 35. 
Nauny-n  4 holds that the cholesterol content of bile is independent of the diet 
and of alteration in the general metabolism.  Jankau  42 fed dogs and rabbits 0.5 to 
5.5 gin.  of cholesterol and found no increase in the bile.  Bacmeister and Havers  2s 
observed after food an increased yield in samples of dog bile but not in those from 
rabbits.  Thomas's  48 findings indicate that the cholesterol content of dog bile is 
independent of food, but  Goodman  24 points out that his work was  done with 
samples of bile that represent the yield of but a few hours of each day only.  This 
latter author reported that feedings of red corpuscles and rich protein diet greatly 
increase  the cholesterol in dog bile.  He, almost alone among workers, employed 
24 hour specimens,  obtained, however, from but one dog and under conditions 
which favored infection of the biliary tract.  Lichtwitz,  31 in a discussion of Good- 
man's results, points out that the increase  in cholesterol secretion after protein 
feeding was  accompanied by an increase  in  the bile amount and  he suggests 
that the increased bile flow merely carried out with it  the cholesterol  already 
present in the liver cells, hence the increased  amount.  Lichtwitz further com- 
ments that Goodman's results do not always point to a dependence of cholesterol 
output on the diet. 
From the results here reported it may be concluded that increases in 
the bile amount and cholesterol output are usually associated, but this 
is far from being always the case.  The cholesterol yield, then, is not 
essentially conditioned by changes in the bile volume though in general 
varying as this latter varies. 
4~ Jankau, L., Arch. exp. Path. u. Pharmakol., 1892, xxix, 237. 
4aThomas,  Inaugural  dissertation,  1890.  Cited  by  Goodman, ~  and  by 
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Fast/ng. 
In contrast to the profuse thin, lightly pigmented, bile of a  freely 
eating animal, the fasting dog puts out a scanty bile, thick and viscid. 
The amount secreted sometimes drops as in Dog 16, Text-fig. 1, from 
159 to 11.5 cc. per day in 2 days time (Specimens 42 to 44), but with- 
out pronounced influence on the daily yield of bile pigment which is 
maintained through a reciprocal increase in concentration.7  That the 
output of cholesterol is, by contrast, greatly disturbed can be seen from 
this  chart and  from others to  be mentioned below.  A  dog  eating 
poorly puts out a bile more concentrated in cholesterol, to be sure, but 
one containing far less of the substance in the total 24 hour specimen. 
Text-fig.  5,  6,  and  7,  each embodying data  from  three  different 
animals,  illustrate  the same  striking phenomenon.  In  Text-fig.  5, 
during 3 days fasting, the cholesterol output fell from 2.0 to 0.54 rag. 
per hour (Specimens 12  to  15).  At the same time the drop in  the 
amount of bile secreted was from 8.3 to 0.5 cc. per hour.  The concen- 
tration of cholesterol increased from about 0.57  to  1.12 rag. per cc., 
but this greater concentration was not sufficient to keep the 24 hour 
output of cholesterol at its usual level.  The findings of Text-fig. 7 
(SFecimens  10  to  14)  show  almost  the  same  thing.  Text-fig.  6 
from yet another animal shows a  decrease in cholesterol output but 
no increase in cholesterol concentration with starvation (Specimens 41 
to 43). 
When  food is  given  again  after  fasting,  Dog  16  (Text-fig.  1), 
Specimens 43 to 46, 58 to 62, there occurs with the increase in the bile 
one in cholesterol output but not a proportionate one.  The concen- 
tration of the lipoid in such biles is much lower than in fasting speci- 
mens, though high enough to field, as just stated, a greatly increased 
amount during the 24 hours.  It is not at all unlikely that this may be 
in part at least a consequence of a flushing out of the substance from 
the liver cells[  In Dog 16 (Specimens 50 to 53)  a decrease in choles- 
terol concentration did not occur with the resumption of feeding, but 
as it happened this animal was given a diet with bone mash contain- 
ing some cholesterol. __  ~  ~  ~¢  "~;~ ~  ~  ~  ~  ~  ~  ~  ~  :~  ~  o 
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The Influence of Cholesterol-Rich Diet. 
The protocols of most interest  and  importance were those dealing 
with the effect produced upon  the  cholesterol output by the  admin- 
istration of food rich in that substance. 
The  bile  of  four  intubated  dogs  was  followed  for  25  days  after 
operation, during which time they remained in good condition.  The 
daily pigment and cholesterol output of each animal was determined. 
The pigment output after the postoperative period remained practi- 
cally constant.  The animals were now given 200 gin. of raw ox brains 
and three raw eggs daily for 3  days, in addition to the regular mixed 
diet.  The eggs and brain were regularly eaten with relish before the 
routine  food  was  attacked.  Great  increases  in  cholesterol  output 
followed the giving of this material rich in it (Text-figs 1, 2, 3, and 4). 
A  specimen protocol follows. 
Dog 16.--Text-fig. 1.  Operation as usual;  ether anesthesia,  dog in excellent 
condition after operation; on a mixed diet.  The average amount of cholesterol 
in the bile was about 1.28 mg. per hour at the 18th  day after operation.  The 
animal was then eating 700 to 800 gm. o[ mixed diet, that is to say, bread, milk, 
and lean meat.  On the 26th day after operation, 200 gm. ox brains and three 
eggs given, and the cholesterol output rose on the following day to 2.28 mg. per 
hour.  On the 27th and 28th days this diet was continued, the animal eating in 
addition 500 to 1,000 gm. of mixed diet.  The cholesterol output in the bile rose 
to 3.65 and 3.5 mg. per hour on these days, respectively.  Mixed diet alone was 
given the following day, and the cholesterol at once declined to 2.94 rag. and on 
the next day to 1.86 mg. per hour.  3 days later cholesterol-rich  food was again 
given and another, but less pronounced, rise occurred.  The subsequent variations 
in output will be discussed further on. 
Text-figs. 2, 3, and 4 illustrate  the  changes  that  took place in  the 
other  dogs.  Every  time  cholesterol-rich  food  was  given,  the  cho- 
lesterol output in  the bile increased pronouncedly.  Not only was  a 
greater  amount  present  but  the  concentration  of cholesterol per  cc. 
of bile was also greater.  This is a fact of much interest in connection 
with  the  relationship  already  discussed  between  bile  volume  and 
cholesterol  yield.  The  combination  of  increased  volume  with 
increased concentration yielded an  amount of cholesterol totally out 
of proportion to the change in the rate of bile secretion.  In cases of 
the sort the greater output of cholesterol sometimes appeared at once, PHILIP  D.  McMASTER  37 
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that is to say, in the bile secreted on the same day the food was given, 
while  again  it  appeared  on  the  day after.  Similarly  the  abundant 
output  may  continue  for 24  hours  after high  cholesterol  foods  have 
been withdrawn from the diet. 
Dog 16.--Text-fig. 1.  Specimens 27 and 28, previously mentioned.  The out- 
put on the 2nd and 3rd days of llpoid feeding  yielded more than twice the usual 
amount of cholesterol,  and on the day following withdrawal of this food almost as 
much was obtained though the animal received only a mixed diet.  Thereafter 
the cholesterol  fell to the ordinary level.  Later, the same dog, fasted for a day, 
after a feeding  with bone mash diet containing cholesterol,  secreted during this 
fast period an unusually  large  amount of  cholesterol.  Text-fig.  1,  Specimens 
58 and 59. 
Dog. 26.--Text-fig. 2.  Specimen 24.  Exhibited  on  the  same day on which 
it was fed cholesterol-rich  diet, an increase of the substance in the bile, though a 
more moderate one.  There was a return to the ordinary output almost at once 
after withdrawal of the lipoid-rich  diet.  In this animal the cholesterol rose from 
1.50 mg. per hour to 2.46 rag. on the 2nd day of feeding, nearly double the average 
yield. 
Dog 18.--Text-fig. 3.  Specimens 26 to 28.  An increase in cholesterol of the bile 
to more than double the average amount occurred after feeding with ox brains 
and eggs, that is to say, it rose from 1.14 to 2.33 mg. per hour. 
Dog 20.--Text-fig. 4.  Specimens 32 to 34,  previously mentioned.  Again an 
almost similar rise  occurred,  from  1.07 to  1.93 mg.  per  hour.  Although  the 
response of both these dogs was prompt and occurred on the same day as the 
cholesterol  feedings,  the effect lasted for a brief period after the feedings  ceased. 
This was the usual case. 
An unexpected finding which  deserves comment presented itself in 
the course of a later experiment for another purpose.  During a  study 
of the calcium content of the bile, Dog 16 was fed a bone mash mixture 
(200  gin.)  daily in  addition  to  the usual  diet,  Text-fig.  1,  bile  Speci- 
mens  52  and  58.  The  bile  volume  increased  and  the  cholesterol' 
output underwent a rise from 1.25 rag. per hour on the day before the 
feedings were commenced (Specimen 51)  to  about  2.5  rag.  and  even 
more during the following 6 or 7 days.  An analysis of the  bone mash 
mixture proved it  to  contain  but  0.1  per  cent  of cholesterol.  Since 
the  animal  ate  200  gin.  of  it,  in  addition  to  the  regular  food,  this 
increase  of but  200  rag.  of cholesterol  over  the  previous  average in 
the diet was followed by an increased output of 25 rag. per day in the 
bile.  The increase in the substance was almost as great as that which PHILIP  D.  McMASTER  39 
followed the addition of cholesterol-rich foods to the diet in the ex- 
periments just described. 
Some authors have raised the objection that even should the cho- 
lesterol of bile be increased by ox brain feedings this must be  con- 
sidered  as  the  result  of  highly  abnormal  circumstances,  since  the 
animal  is  so  to  speak  overloaded with  cholesterol  thereby.  44  The 
results  with  bone  mash  would  suggest  that  such  a  result  can  be 
obtained  with  substances  containing  cholesterol in  relatively small 
amount, when taken in addition to the ordinary ration.  The possi- 
bility that bone mash as such, independent of its cholesterol content, 
has some influence on cholesterol metabolism, which is not probable, 
must also be considered. 
Concentration. 
The  cholesterol  concentration of bile  obviously  does  not  bear  a 
reciprocal relation to its amount.  What factors influence it? 
That concentration is independent of any one factor will be appar- 
ent on reference to the charts.  When a cholesterol-rich diet is given, 
a  slight rise in the concentration of cholesterol usually accompanies 
the increase in the volume of bile.  (Text-fig. 1, Specimens 26 to 28, 
32  to 34, 41 and 42, 52 to 58, and 62 to 65; Text-fig. 2, Specimens 23 
to 25; Text-fig. 3, Specimens 25 and 26, 31  to 34; Text-fig. 4,  Speci- 
mens 31  to 34.)  At times, however, the concentration remains con- 
stant though the volume increases (Text-fig. 2,  Specimens 20  to 23; 
Text-fig. 3, Specimens 26 to 28; and Text-fig. 5, Specimens 16 and 17). 
Text-fig. 5  shows the independence of concentration and volume for 
in Specimens 16 and 17 the concentration remained constant, whereas 
the bile output, and hence the cholesterol, increased, while in Speci- 
men 18 the volume remained constant but the concentration and, as 
corollary, the total output of cholesterol increased. 
By contrast, as already stated, a great rise in the concentration of 
cholesterol usually occurs with the decrease in the bile volume of the 
fasting  animal (Text-figs. 5,  6,  and 7,  and in Text-fig. 1,  Specimens 
42 to 44, and 58 and 59).  Finally, as in Text-fig. 1, Specimen 23, an 
increase in the cholesterol concentration and even in the total choles- 
44 Whipple, G. H., Physiol. Rev., 1923, ii, 440. 40  STUDIES  ON  TOTAL  ]BILE.  VI 
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terol  as well may rarely accompany a  decrease in  bile  volume.  A 
study of these changes and of those occurring in Specimens 37 to 50, 
during which period the dog was given ordinary food, then ox brains, 
then fasted, and again given mixed diet and fasted  yet  again,  im- 
presses one with the essential independence of the cholesterol concen- 
tration and bile volume. 
The completely different behavior of bilirubin in all these cases is of 
especial interest (see Text-fig. 7, for example). 
DISCUSSION. 
It is  clear from the  evidence here presented that  the  cholesterol 
quantity and concentration in dog bile are subject to profound modi- 
fication by dietary influences.  The changes are not slight and incon- 
stant as the literature would lead one to expect. 
The  findings have  an obvious, and not impossibly a  considerable 
significance in relation to cholelithiasis.  In this connection the facts 
should be recalled, however, that no cholesterol is found in gall stones 
of the dogl.~--doubtless because dog bile is notably poor in the sub- 
stance and that the substance exists in the bile as an ester,  48 not as free 
cholesterol, as in human bile.  But  this does lessen the suggestive- 
ness of the findings in connection with the problem of human stones. 
Were the amount and concentration of the cholesterol of the bile the 
sole factors in stone formation, it might well be that by a dietary regi- 
men the likelihood of cholelithiasis could be much diminished.  But 
unfortunately for generalization it is the state rather than the qu.antity 
of cholesterol which determines its deposition.  Bile is highly complex 
and the equilibrium of cholesterol is determined in solution or suspen- 
sion by certain other constituents which may vary with differing con- 
ditions.  Nevertheless it seems reasonable to suppose that stone for- 
m~tion will take place more readily from a bile rich in cholesterol than 
from one poor in it. 
There has  been much said in  the past  of cholesterol elaboration 
by the gall bladder and duct walls. =8,4  In the present experiments the 
influence of the gall bladder was ruled out by the operative exclusion;. 
and there was no inflammation of the bile passages or infection of the 
bile, save in the case of Dog 18, Text-fig. 3.  The bile passages of this, 
animal proved normal at  autopsy,  though  the bile  was infected in~ 
pure culture, evidently with a saprophyte. 42  STUDIES  ON  TOTAL  BILE.  VI 
SUMMARY. 
The development of a method for the collection of total bile from 
dogs in a sterile state and uninfluenced by the gall bladder, day after 
day for weeks, has rendered possible an accurate study of the influence 
of diet upon the cholesterol output of the secretion. 
When a diet rich in cholesterol is given the amount of the substance 
in the bile greatly increases.  Not only this but the concentration per 
co. is, in almost every instance, greater.  An increase in the total food 
intake,  by the addition to  the ordinary ration  of a  bone mash diet 
containing only a  slight additional amount of cholesterol (260  rag.) 
produces a  similar,  though lesser, increase.  In the fasting dog,  the 
cholesterol yield is greatly cut down. 
The  increase in  the  cholesterol after  food rich  in  the  substance 
does not depend on the cholagogue action of this latter, though it is 
true that the concentration of cholesterol in the bile usually incre~tses 
with the bile volume. 
Though fasting cuts down the cholesterol of bile, the concentration 
of the substance per cc. is greatly increased.  On an ordinary diet the 
yield of it fluctuates abruptly  and  considerably from  day  to  day. 
In general the rule holds that an animal eating largely puts out not 
only  much  more  bile  but  much  more  cholesterol.  The  relation 
between bile quantity and cholesterol yield is anything but a fixed one, 
however. 
The cholesterol yield of the bile does not parallel that of bilirubin. 
The pigment output from day to day remains relatively constant as 
compared with that of cholesterol. 